Gene-targeted mice that contain a His 6 -tagged mouse c-Myc cDNA, Myc His , inserted head to head into different sites of the mouse immunoglobulin heavy-chain locus, Igh, mimic the chromosomal T(12;15)(Igh-Myc) translocation that results in the activation of Myc in the great majority of mouse plasmacytomas. Mice carrying Myc
Introduction
Peritoneal plasmacytomagenesis in mice provides a model system for the study of inflammation-dependent cancer arising in terminally differentiated B lymphocytes, plasma cells (1) . Unlike most common inbred strains of mice, BALB/c (C) is susceptible to peritoneal plasmacytomas (2) because of a complex genetic trait that includes hypomorphic (weak efficiency) alleles of genes encoding the cell cycle inhibitor p16
INK4a (3) and the FKBP12 rapamycin-associated protein Frap (4) . Peritoneal plasmacytomas do not develop spontaneously but can be readily induced by i.p. administration of proinflammatory agents such as pristane (5) . Pristane provokes the formation of a chronic granulomatous tissue that provides the microenvironment in which plasmacytomas develop (6) , a rich source of the plasma cell growth, differentiation, and survival factor, interleukin-6 (IL-6; ref. 7) . Pristane-induced peritoneal plasmacytomas are abrogated in C mice homozygous for an Il6 null allele (8) . Plasmacytoma development also requires that the mice be maintained in a nonspecific pathogen-free (SPF) colony, which is thought to promote tumorigenesis by exposing the mice to environmental antigen (9) . C mice raised in SPF or germfree conditions exhibit a dramatically reduced plasmacytoma incidence (10) or are completely refractory to the tumors (11) , respectively. Virtually all peritoneal plasmacytomas harbor a Mycactivating chromosomal translocation (12) , which takes the form of a T(12;15)(Igh-Myc) in the majority (f85%) of cases. Thus, peritoneal plasmacytomas are inflammation-induced neoplasms that are dependent on the genetic background of C, IL-6, antigenic stimulation, and deregulated expression of Myc.
Because the development of peritoneal plasmacytomas in C mice is characterized by incomplete penetrance (tumor incidence, V 60%) and long latency (220 days on average), efforts have been undertaken to use the enforced transgenic expression of genes known or presumed to be involved in malignant plasma cell transformation to accelerate tumor development. Efforts along this line were also aimed, in part, at inducing plasmacytomas without chronic inflammation or using SPF-maintained mice. Thus far, two approaches have been successful. The first took advantage of a widely expressed IL6 transgene, which caused ''spontaneous'' plasmacytomas (no pristane) in lymphoid tissues, mostly those associated with the gut (i.e., gut-associated lymphoid tissue, GALT, plasmacytomas; ref. 13 ). The second approach used transgenic expression of the death repressor BCL2 to facilitate pristaneinduced peritoneal plasmacytomas in SPF-maintained mice. The BCL2 thus eliminated the requirement for conventional husbandry of mice (14) .
This study evaluated a third approach to facilitate plasmacytomagenesis in C mice: transgenic expression of Myc. Specifically, we sought to determine whether the iMyc EA transgene, which recreates the Myc-activating T(12;15) translocation that occurs in a subset (f20%) of IL6 transgenic GALT plasmacytomas, accelerates peritoneal plasmacytomas upon introduction of C alleles to the transgenic mice. We found that the transfer of the iMyc EA transgene from a mixed genetic background of segregating C57BL/6 (B6) Â 129/SvJ (129) alleles onto C increased the incidence of GALT plasmacytomas in first-generation backcross mice (C.iMyc EA N 1 , f75% C alleles) 2.5-fold. Tumor induction with pristane in thirdgeneration backcross mice (C.iMyc EA N 3 , f94% C alleles) produced peritoneal plasmacytomas with full penetrance (100% incidence) and short latency (86 F 28 days) compared with inbred C mice (tumor incidence, V60%; tumor latency, 220 F 80 days). These results showed that C mice harboring the iMyc EA gene insertion model of the T(12;15) translocation are hypersusceptible to plasmacytoma. We conclude that the iMyc EA transgene accelerates plasmacytomas by collaborating with tumor susceptibility alleles of strain C and circumventing the requirement for tumor precursors to acquire deregulated Myc by somatic mutation (chromosomal translocation).
Materials and Methods
Generation of partially backcrossed C.iMyc EM mice. Strain iMyc EA was developed on the mixed genetic background of B6 and 129 alleles using gene targeting (15) . Briefly, a mouse Myc cDNA encoding a COOH-terminal histidine tag, His 6 , was inserted into the immunoglobulin heavy-chain locus, Igh, just 5V of the intronic enhancer, EA. To transfer the Myc His transgene to the plasmacytoma-susceptible background of BALB/cAnPt (C), the iMyc EA mice were bred onto inbred C. Mice from the first (C.iMyc EA N 1 ) and third backcross generation (C.iMyc EA N 3 ) were used to study spontaneous tumor development and induce tumors with pristane, respectively. Mice were bred and maintained in our conventional mouse facility on the NIH campus and fed ad libitum Purina Mouse Chow 5001 and sterilized, acidified water. The experiments were conducted under the National Cancer Institute Animal Study Protocol LG-028.
Induction and diagnosis of peritoneal plasmacytomas. Four to 6-week-old C.iMyc EA N 3 mice were treated with two i.p. injections of 0.3-mL pristane spaced 2 months apart (days 1 and 61). Age-matched inbred C mice injected with pristane on days 1, 61, and 121 served as control. Untreated C.iMyc EA N 3 and C mice were used as additional controls. Incipient plasmacytomas were detected by monitoring the mice for the occurrence of atypical plasma cells in the peritoneal cavity. Each mouse underwent abdominal paracentesis by the insertion of a sterile 25-gauge needle and collection of a drop of peritoneal fluid. Two cytofuge slides were made and stained with May-Grünwald-Giemsa. Tumor diagnosis was established by finding z50 characteristic, large, hyperchromatic plasma cells on the slide. When there were <50 putative tumor cells per slide, a second confirmatory diagnosis was obtained at a later time. The diagnosis of plasmacytoma was confirmed histologically upon sacrifice of tumor-bearing mice, as described below. The tumor induction study was terminated on day 220 after pristane, >3 months after all transgenic mice had developed tumors. All surviving mice in the control groups were autopsied on day 220 to confirm that they were free of tumors.
Histology and immunohistochemistry. Four-micrometer sections of paraffin-embedded tissues were stained with H&E and in some cases with Giemsa (according to the protocol of Lennert), procedure periodic acidSchiff, and methyl green pyronine. Nonplasmacytic lymphoid neoplasms were distinguished from plasmacytoma using criteria described in a recently proposed nomenclature for mouse hematopoietic tumors (16) . Avidin-biotin immunoperoxidase techniques with antisera to IgL and IgH (Southern Biotechnology Associates, Birmingham, AL), B220 (CD45R; Caltag, Burlingame, CA), and CD19 and CD138 (syndecan-1; PharMingen, San Diego, CA) were employed for the determination of immunoglobulin production and surface marker expression.
Paraproteins. Serum paraproteins were detected with the help of Paragon SPE electrophoresis kits (Beckman Coulter, Fullerton, CA). Immunoglobulin isotypes were determined by ELISA using Immulon II plates (Dynex Technologies, Chanitlly, VA), isotype-specific goat antimouse serum labeled with horseradish peroxidase (Southern Biotechnology Associates), and mouse serum samples at dilutions from 10 À3 to 1.28 Â 10
À5
. Plates were read on a Molecular Dynamics microplate reader at 450 nm (Sunnyvale, CA).
Allele-specific reverse transcription-PCR of Myc and Myc His mRNA.
For semiquantitative determination of Myc and Myc
His mRNA, total RNA was isolated using TRIzol (Sigma, St. Louis, MO). The integrity of RNA was verified by electrophoresis. Double-stranded cDNA was synthesized from 1 Ag of total RNA, using the AMV Reverse Transcriptase kit (Roche, Indianapolis, IN). A common 5V primer for both Myc His and Myc (5V -TCTCCACTCACCAGCACAAC-3V ) was combined with a specific 3Vprimer for Myc His (5V -CCTCGAGTTAGGTCAGTTTA-3V) and Myc (5V-ATGGT-GATGGTGATGATGAC-3V ) to distinguish the two messages. Thermal cycling conditions were as follows: 95jC for 5 minutes (initial template denaturation) followed by 20 cycles of amplification at 57jC (primer annealing), 72jC (extension), and 95jC (melting), each for 1 minute. PCR amplification of Aktb cDNA was done for each sample as a control using the following primer pair: 5V -GCATTGTTACCAACTGGGAC-3V ( forward) and 5V -AGGCAGCTCATAGCTCTTCT-3V (reverse). PCR products were analyzed by electrophoresis in 1% agarose gel and visualized by staining with ethidium bromide.
Microarray hybridization and analysis. Total RNA (50 Ag) from each tumor, primary cell sample, or iMyc EA -1 cells was labeled with cyanine 5-conjugated dUTP (Cy5). Pooled mouse cell line RNA (50 Ag) was labeled with cyanine 3-conjugated dUTP (Cy3) and used as reference. Microarray hybridizations were done on Mouse Lymphochip microarrays as previously described (17) . After washing, the slides were scanned using an Axon GenePix 4.0 scanner (Axon Instruments, Inc., Union City, CA). After normalization, those elements that failed to meet confidence criteria based on signal intensity and spot quality were excluded from analysis. In addition, data were discarded for any gene for which measurements were missing on >30% of the arrays or were not sequence verified. The Cy5/Cy3 intensity ratios of the remaining spots were log 2 transformed. To compare the different samples, hierarchical cluster analysis was done using the Gene Cluster and Treeview programs as described previously (18) . Gene expression signatures were determined statistically (t test) by comparing array elements whose expression was at least 1.8-fold different at a confidence threshold of P < 0.0015. The number of such element was variable dependent on the signature: 715 for the proliferation signature based on the comparison of B-cell lines and resting B cells; 146 for the B-cell signature based on the comparison of B cells and T cells; and 979 for the plasma cell signature based on the comparison of plasma cells and resting B cells. The elements identified in this way were subsequently assessed for reliability on the relevant arrays, and only elements meeting confidence criteria on 90% of the arrays were considered for analysis. Further information on microarray make-up, analysis and data interpretation is available at http://lymphochip.nih.gov/ShafferPCfactors/.
Results

Reduced survival of iMyc
EM mice upon introduction of C alleles. We recently reported that f20% of iMyc EA mice on a mixed genetic background of segregating B6 and 129 alleles developed immunoglobulin-producing GALT plasmacytomas (15) . Because plasmacytoma development in mice is a complex genetic trait, with strain C carrying several susceptibility alleles (3, 4), we hypothesized that the introduction of C alleles may accelerate GALT plasmacytomas in the iMyc EA transgenics. We thus generated C.iMyc EA N 1 mice, which contained 75% C alleles, and determined tumor onset and survival in these mice over an observation period of 530 days. Backcrossing of the iMyc EA transgene for one generation onto plasmacytoma-resistant strains 129 and C3H produced control mice that contained 75% 129 and C3H alleles, respectively. The introduction of C alleles resulted in the reduced survival of mice compared with the controls (Fig. 1A) . Fourteen of 22 (63.6%) C.iMyc EA N 1 mice compared with 5 of 17 (29.4%) 129.iMyc EA N 1 mice and 3 of 24 (12.5%) C3H.iMyc EA N 1 mice were euthanized due to terminal disease or found dead by 530 days of age. The difference in survival was highly significant among the three strains using m 2 analysis for statistical comparison of mean age at death or sacrifice (P < 0.001): 318 F 79 days in the C group, 380 F 34 days in the 129 group, and 418 F 51 days in the C3H group. These findings indicated that the iMyc EA transgene causes increased mortality on the C background relative to the 129 and C3H backgrounds.
C alleles promote gut-associated lymphoid tissue plasmacytomas in iMyc EM N 1 mice. Forty-eight mice from the above survival study were autopsied to determine the presence of neoplasia. Histologic examination of a representative panel of stained tissue sections showed that 12 of 15 (80%) C.iMyc EA N 1 mice ranging in age from 220 to 528 days had developed B cell and plasma cell tumors (Fig. 1B) (16) revealed that 6 of 12 tumors (50%) from the C group were immunoglobulin-producing plasmacytomas ( C.iMyc EM N 3 mice are hypersusceptible to peritoneal plasmacytoma. Further backcrossing of the iMyc EA transgene onto C might lead to a strain that is highly susceptible to inflammation-induced peritoneal plasmacytomas, a type of neoplasm that develops predictably in pristane-treated C mice (5) . To investigate this, we continued the backcross of Myc His to N 3 (94% C alleles) and subjected 20 of the near congenic C.iMyc EA N 3 mice to our standard plasmacytoma induction regimen that consists of three i.p. injections of pristane spaced 2 months apart. Tumor development was monitored by examining ascites cell specimens for the presence of neoplastic plasma cells. Strikingly, all C.iMyc EA N 3 mice had completed tumor development before the third injection of pristane was given (114 days after the first injection of pristane; Fig. 2A, filled squares) . Mean tumor latency was 86 F 28 days. Tumor classification (16) showed that with the exception of one tumor that was a B-cell lymphoma, 19 of 20 (95%) neoplasms were plasmacytomas (Fig. 2B ). Among 40 pristane-treated C mice included as control, only two mice (5%) had developed plasmacytoma by day 150 after pristane ( Fig. 2A, filled diamonds) . Consistent with previous observations that non-SPF maintained C mice require three injections of pristane to develop 40% to 60% peritoneal plasmacytomas by day 300 (20) , the third injection of pristane on day 120 resulted in an increase in tumor incidence to 25% by day 175. Untreated C mice (n = 26) remained tumor free throughout the observation period ( Fig. 2A, open diamond) . In line with the tumor onset in untreated C.iMyc EA N 1 mice (Fig. 1 ), 4 of 47 (8.5%) untreated C.iMyc EA N 3 mice developed neoplasms spontaneously (no pristane): two lymphomas (LBL) and two plasma cell tumors ( Fig. 2A, open squares) . These findings showed that the Myc
His
Myc
His transgene on the C background cooperates with tissue factors in the pristane granuloma, most likely including IL-6 (7, 21) , to greatly facilitate peritoneal plasmacytomas.
Features of plasmacytoma. Histologic examination of peritoneal plasmacytomas from C.iMyc EA N 3 mice revealed three tumor subtypes: plasmacytic tumors, the predominant type in inbred C mice (22) ; less mature, plasmablastic tumors, the most common type in the present sample (Fig. 2B) ; and anaplastic tumors, which were characterized by the admixture of pleomorphic plasma cells with aberrant immunoblasts and plasmablasts ( Supplementary Fig.  S1 ). Regardless of histologic subtype, plasmacytomas expressed high levels of Myc His mRNA (Fig. 2C ) and, as expected, very low or undetectable levels of normal Myc mRNA (data not shown), using reverse transcription-PCR analysis. One tumor (lane 6) was exceptional because it expressed Myc instead of Myc His for reasons that remained unknown. Fractionation of serum proteins by electrophoresis readily showed M components in mice harboring primary (G 0 ) and transplanted (G 1 -G 2 ) tumors (Fig. 2D) . The M spikes were usually less pronounced in G 0 mice, particularly those with anaplastic plasmacytoma (data not shown). Immunohistochemical analysis using antibodies to immunoglobulin heavy chains showed considerable clonal diversity among the malignant plasma cells at G 0 , with abundant a expressing cell clones coexisting with A and g expressing cell clones in the same mouse (data not shown). Immunostaining of nine transplanted plasmacytomas together with ELISA-based isotyping of serum immunoglobulin spikes in tumor-bearing G 1 -G 2 mice showed that seven of these tumors produced a heavy chains (data not shown). This established an important parallel to transplanted plasmacytomas 1) . Transfer of cell suspensions from plasmacytoma-infiltrated granulomatous tissues on days 76 and 81 after pristane into the peritoneal cavity of pristane-primed C mice resulted in the outgrowth of tumors in two of two and six of eight cases, respectively. Tumor cells were also propagated by s.c. injection (data not shown). This indicated that the presumptive tumor cells were indeed fully transformed.
Gene expression profile of iMyc EM plasmacytomas. The mouse Lymphochip, a microarray of hematopoietic mouse cDNA clones, provides a powerful tool to classify mouse B cell and plasma cell tumors based on global gene expression programs (23) . To determine the gene expression profile of the pristaneinduced peritoneal plasmacytomas that arose in the iMyc EA N 3 mice, RNA samples from the abovementioned nine G 1 tumors were analyzed. LBL from iMyc EA mice (15), pristane-induced plasmacytomas from inbred C mice, resting and activated mouse B and T cells, and mouse embryonic fibroblasts (MEF) were included for comparison. A total of 4,500 array elements that fulfilled all statistical confidence criteria and were present on at least 90% of all arrays were clustered across the samples based on gene expression patterns. Nearly a quarter of these elements (1,010, 22.4%) showed a 1.8-fold minimal difference in average expression in plasmacytomas and LBLs (P < 0.015, t test). Cluster analysis (presented in Supplementary Fig. 2 ) showed a striking distinction between the two neoplastic cell types, plasmacytoma and LBL. Indeed, the comparison of individual plasmacytoma and LBL expression profiles with each other revealed a remarkable homogeneity among the iMyc EA tumors, which clustered in two tight groups. Among the normal samples, lymphoid and nonlymphoid cell types (B/T cells versus MEF), lymphocyte lineages (B versus T cells), and lymphocyte activation states [resting B and T cells versus in vitro stimulated cells using lipopolysaccharide (LPS) and antibody to CD3, respectively] were also clearly separated by hierarchical clustering (Supplementary Fig. S2 ). These results provided evidence at the transcriptional level that peritoneal plasmacytomas in C.iMyc EA N 3 mice constitute a unique type of neoplasm, clearly different from LBL, the predominant tumor in untreated iMyc EA mice on the mixed B6 Â 129 background (15) .
Gene expression signatures of iMyc EM plasmacytomas. To further examine the differences in the gene expression profile of the iMyc EA plasmacytoma and LBL samples, genes from three distinct ''signature'' clusters (24), designated plasma cell signature, B-cell signature, and proliferation signature, were analyzed. The signatures are presented in Fig. 3 , each annotated with ten differentially expressed genes in plasmacytoma compared with LBL. The expression levels of these genes are shown in Table 1 .
Consistent with their differentiation status, the plasmacytomas overexpressed many genes in the plasma cell signature compared with the LBLs. The average expression of genes in this signature was significantly higher in the plasmacytomas than in the LBLs (data not shown). A majority of genes in the signature (93%) was overexpressed in the plasmacytoma compared with the LBL sample (Supplementary Table S1 ). The most highly up-regulated genes in plasmacytoma included the immunoglobulin joining gene Igj and genes involved in protein synthesis and secretion (Ell2, Edem1, and Sec61a) and cytokine signaling (Socs2). Similar to human plasma cells (25) , genes involved in antioxidative defense (e.g., Prdx4, Aldh1, and Grx1) were conspicuously present in the mouse plasma cell tumors (Supplementary Table 1 ). In addition, Xbp1, a key player in the terminal differentiation of B lymphocytes to plasma cells (26, 18) , was highly expressed in plasmacytomas compared with LBLs.
Plasmacytomas underexpressed the majority of genes in the B-cell signature upon comparison to LBLs (17 of 30, 57%, Supplementary Table 2 ). Examples include genes that encode the A-heavy chain (Igh6), various B-cell differentiation markers (Cd79a, Cd79b, and Cd19), and the Fcg2b receptor (Fcgr2b; Fig. 3 ). Table 1 Plasmacytomas showed very high expression levels of proliferation signature genes (Fig. 3) . The graph below the proliferation signature cluster in Fig. 3 shows that the average expression of genes in this signature was identical to that seen in T and B lymphocytes acutely activated with antibody to CD3 ( for 24 hours) and LPS ( for 48 hours), respectively. The average expression of proliferation signature genes in plasmacytomas was significantly higher than in LBLs, pristane-induced plasma cell tumors from inbred C mice ( filled black column), and controls (MEF, black open column; resting B and T cells, filled green and red columns, respectively). This finding agreed with the overall Myc level of Myc His -induced tumors, which was f2-fold higher in the plasmacytomas than the LBLs. The Myc levels correlated, in turn, with the average expression of known Myc target genes (http://www.myc-cancer-gene.org), which was 1.96-fold elevated in the plasmacytoma compared with the LBL sample (data not shown). Of a total of 246 genes in the proliferation signature, 204 (83%) genes were overexpressed in the plasmacytomas relative to the LBLs (data not shown). Seventeen of the 204 (8%) genes, among them four known Myc targets (Nup153, Slc7a5, Hars, and Gstp1), were >3-fold elevated in the plasmacytomas (Supplementary Table S3 ).
These results showed that plasmacytomas are Myc His -induced neoplasms that exhibit a unique gene expression pattern globally (Supplementary Fig. S2 ) at the level of three different gene expression signatures (Fig. 3) , and for numerous individual genes, such as Myc and Xbp1.
Abundant plasmacytoma precursor lesions in pristanetreated C.iMyc EM N 3 mice. Peritoneal plasmacytomas in inbred C mice are preceded by the premalignant precursor lesion, plasmacytic focus, which is defined as a dense aggregate of z50 hyperchromatic plasma cells in a microscopic field of f1 mm susceptibility to peritoneal plasmacytoma. Foci are routinely encountered in plasmacytoma-susceptible C mice 75 to 100 days after pristane but are rarely seen earlier (22) . To determine whether accelerated plasmacytomagenesis in C.iMyc EA N 3 mice was associated with the accelerated development of plasmacytic foci, mesenteric pristane granulomas were obtained on days 14 and 37 after injection of 0.3-mL pristane. Foci were large and highly abundant (Fig. 4A ) and frequently associated with increased numbers of blood vessels, possibly reflecting Myc His -induced angiogenesis (ref. 27 ; Fig. 4B ). Immunostaining showed that foci produced a variety of immunoglobulin isotypes, prominently including IgA (Fig. 4C and D) . Antibody to phosphohistone H3 (marker of mitosis) revealed high levels of proliferation ( Fig. 4E and  F) , a stark contrast to the very low levels of cell division determined by microscopic enumeration of mitotic figures in foci of C mice (mean mitotic index, 0.74%; ref. 22) . Consistent with the elevated proliferation levels of foci in C.iMyc EA mice compared with C mice, the cellular composition of foci was different in the two mouse strains. Whereas mature plasma cells predominate in C mice, plasmablasts, immunoblast-like cells, and aberrant plasma cells were highly abundant in C.iMyc EA mice. These results established that plasmacytomagenesis in C.iMyc EA mice is accompanied by the accelerated development of hyperproliferative tumor precursor lesions.
Premalignant plasmablasts undergo isotype switching in situ. To determine whether cells from plasmacytic foci were transplantable, single-cell suspensions were prepared from peritoneal granulomas of C.iMyc EA N 3 mice on day 14 (eight mice) and day 26 (nine mice) after pristane. The transfer of these cells to C mice primed by i.p. inoculation with pristane was unsuccessful in all cases, showing that the plasmablasts and plasma cells at this early stage of tumor development are not yet fully transformed. To analyze the differentiation status of the cells in the foci, double staining of tissue sections with antibody to B220 (B cell marker) and cytoplasmic Ign (plasma cell marker) was done. Foci in C.iMyc EA N 3 mice were often composed of a core of B cells surrounded by a mantle of plasmablasts and plasma cells (Supplementary Fig. S3 ), suggesting that the B cell to plasma cell transition occurs in situ. Staining of serial sections with antibody to A and a heavy chains and Ki67 showed that IgM + cells intermingled with IgA + cells and that both cell types were actively cycling ( Supplementary Fig. S4 ). This suggested that isotype switching takes place in clonally related plasmablasts in situ. Supplementary Fig. S5 . The presence of T cells many B-cell aggregates, including the one depicted in Supplementary Fig. 3 , was also consistent with isotype switching in situ (Supplementary Fig. S6 ).
Discussion
The main finding of this study is the acceleration of plasmacytoma development in partially backcrossed C.iMyc EA mice. Unlike strain C, in which peritoneal plasmacytomas take on average 220 days to develop and tumor incidence rarely exceeds 60% by day 300 after tumor induction with three injections of pristane, peritoneal plasmacytomas in C.iMyc EA N 3 mice developed with a mean tumor onset of 86 days and full penetrance (100% incidence) after two injections of pristane. This observation extended previous findings on the collaboration of deregulated Myc with tumor susceptibility alleles of strain C in plasmacytoma development (13, 14) . Furthermore, it strengthened our contention that absent the ability to predictably induce T(12;15) translocations in mouse B cells and plasma cells (28) , the insertion of Myc into the Igh locus of gene-targeted mice provides a good solution to mimicking this translocation in a manner conducive to plasmacytoma development (15) . + T-cell help (33) , an essential cofactor for normal isotype switching (34) and peritoneal plasmacytomagenesis in C mice (35) . Among the various mouse strains carrying Myc transgenes driven by immunoglobulin enhancers (36) (37) (38) (39) (40) (41) , none has been reported thus far to induce plasma cell neoplasms as the predominant tumor type. Supplementation of Myc with a second transgene resulted in one case in a striking shift in the tumor spectrum from B-cell lymphomas in the ''Myc only'' mice to plasma cell tumors in the double transgenic mice: EA-Myc and v-Abl (42) . Although this finding suggests that introduction of Abl to strain C.iMyc EA leads to further acceleration of plasmacytoma, it remains unclear whether this manipulation would recapitulate the natural history of tumor development. One point of caution is that Abl was similarly expressed on the mouse lymphochips in plasmacytoma and LBL from C.iMyc EA mice (data not shown).
The demonstration that C.iMyc EA mice are hypersusceptible to plasmacytoma generates an apparent conundrum with respect to previous reports on the abundance of T(12;15)-harboring cell clones in tumor-free C mice (reviewed in ref. 43 ). The repeated detection by PCR of reciprocal Igh-Myc junction fragments, the molecular indicators of T(12;15), indicated that translocation-carrying cells are generated in great numbers at early stages of tumor development (44) . This resulted in the hypothesis that the T(12;15) translocation, a tumor-initiating event, is not rate limiting for plasmacytomagenesis (43) . The present study raises the question why the recapitulation of a pathogenetic event that may not slow down tumor development in the first place (i.e., Myc translocation) would facilitate plasmacytoma. The apparent contradiction may be reconciled if one considers that genomic PCR amplification of Igh-Myc junctions shows the presence of translocation-carrying cells but does not inform whether these cells contain up-or de-regulated Myc. If a large number of T (12;15) + cells were excluded from the tumor precursor pool due to inappropriate or fluctuating Myc levels, Myc translocation might still be rate limiting despite the abundant detection of translocation-bearing cells by PCR. Cells with acute spikes in Myc expression may be eliminated in vivo by Myc-dependent apoptosis (45) , whereas cells with insufficient Myc levels may linger in a state of hypoproliferation reminiscent of the kind of tumor dormancy seen upon down-regulation of Myc in certain neoplasms (46) . Further studies are warranted to determine the variability of Myc expression in T(12;15)-harboring plasmacytoma precursors (47) and define the (presumably narrow) range of Myc expression that is permissive for plasmacytoma development (48) .
This study shows, for the first time, the utility of the mouse Lymphochip cDNA gene array for comparisons of gene expression profiles of primary and transplanted B cell and plasma cell tumors in mice. Array analysis clearly showed that plasmacytomas had retained the expression of the plasma cell signature but down regulated the B cell gene expression program. Apparently, the inserted ''iMyc'' did neither interrupt the differentiation potential of tumor precursors to mature into plasma cells nor interfere with the ability of these cells to retain the plasma cell phenotype upon transplantation. These findings suggest that the targeting of genes essential for plasma cells might lead to new interventions to plasma cell tumors in humans. Abrogation of XBP1, a crucial gene in normal plasma cells (49) that is also highly expressed in the present mouse plasmacytomas, has recently been proposed as a means to improve the clinical outcome of human multiple myeloma (50) . Gene array analysis may further reveal new targets of tumor therapy by comparing the gene expression program in normal and neoplastic plasma cells. One obvious example may be Myc. Similar to advanced multiple myeloma, mouse plasmacytomas overexpress Myc, whereas normal plasma cells down-regulate Myc concomitant with cessation of cell cycling (51, 26) . Targeting the mechanism that overrides suppression of Myc in neoplastic plasma cell may be of great therapeutic value.
In conclusion, this study presents a genetically defined and manipulable mouse model of inflammation-dependent plasma cell neoplasia that takes advantage of the iMyc EA transgene and tumor susceptibility alleles of strain C to greatly accelerate tumor development. The robustness of the present plasmacytoma model (short onset, complete penetrance) may facilitate ongoing studies on the natural history of plasma cell neoplasms and inform the design of new approaches to prevent and treat these neoplasms in human beings.
